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Abstract
The production of Z bosons via Vector Boson Fusion at the LHC
collider at 10 TeV centre-of-mass energy has been studied. The aim
is to investigate the possibility to isolate a known Standard Model
process to be used as reference for the measurement of the detector
performance for the search of the Higgs Boson produced via Vector
Boson Fusion. The signal to background ratio has been estimated
considering only the dominant sources of background.
1 Introduction
The search of the Higgs boson is one of the principal goals of the experiments
at the LHC. Depending on its mass, it will be searched for in various final
states and with different production mechanisms. The production mechanism
with a cross section only second to the gluon-gluon fusion one is the boson-
boson fusion (VBF). This mechanism, as shown in fig. 1, allows a very clean
signature of the final state. The incoming fermions scatter at high energy and
enter the active volume of the LHC detectors in the high rapidity regions.
The presence of the forward and backward jets induced by the two fermions
(here called “tag jets”) characterizes the event as VBF (for a detailed study
of the characteristic of these jets see for example [1, 2, 3]. The Vector Boson
Fusion (VBF) production presents another important feature: being a pure
electroweak process the color exchange between the W and Z is minimal,
hence the jet activity in the central part of the detector is very low, if not
absent. These features are exploited to reject the backgrounds and identify
the VBF sample among the data produced at hadron colliders, by requiring
the events to have a pair of jets, in opposite directions with respect to the
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Figure 1: The diagram of the VBF production of the SM Higgs boson at tree
level.
beam axis, in the forward-backward region, and no other jets in the central
part of the detector. To correctly establish the Higgs signal is therefore
mandatory to know with good precision the identification efficiency of the
forward-backward jets and the efficiency of the central jet veto. The best
way to determine these numbers from the data, without relying on the Monte
Carlo simulation, would be to use a well know Standard Model process with
similar kinematics. The production of a single Z boson via VBF could be a
powerful instrument to evaluate the sensitivity of LHC detectors to the VBF
production of the Higgs boson [4].
In this paper, a parton level feasibility study of the VBF Z production
measurement at LHC is presented. After the signal definition, the cuts used
to enhance the signal with respect to irreducible pure electroweak back-
grounds are discussed; finally, the dominant background for this analysis,
coming from the production of a Z from qq¯ fusion accompanied by two jets,
is considered. The unfortunately negative conclusion ends this work.
2 The signal definition
The signal events are Z bosons, that subsequently decay into leptons, pro-
duced via VBF. The generation of these events is done with the Matrix
Element Montecarlo Madgraph [5] asking for a final state with two leptons
and two quarks. The process is at the order α4EW .
A small subset of the diagrams that contribute to the production of the
four fermions final state at the α4EW order (pp → q1q2l
+l−) are shown in
figure 2. The total cross section is σ = 4024± 2 fb.
Out of the complete set of diagrams, the first one in the figure corre-
sponds to the VBF signal, which is searched for. The other diagrams will be
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Figure 2: A small subset of the graphs contributing to the four fermions final
state at the α4EW leading order. The first diagram corresponds to the signal
isolated with the selection cuts listed in table 1.
hereafter called the electroweak irreducible background. For the purpose of
this study, a set of selection cuts has been implemented at Montecarlo level
to isolate the signal from the other electroweak processes, based on the in-
variant masses of the final state leptons and on the flavour and charge of the
initial and final state quarks: events surviving the selections listed in table 1
constitute the signal sample, while the others compose the irreducible elec-
troweak background. Final states with electrons or muons only have been
considered.
The fraction of VBF like events is about 4.5% of the total production
(0.18 pb), that corresponds to about 36 events produced at 10 TeV with an
integrated luminosity of 200 pb−1.
The distributions of the invariant mass of the four final state fermions, of
the ∆ηjj between the tag jets, and of their Zeppenfeld variable [6]:
η∗i = ηi − 〈η〉1,2 (1)
are shown in figure 3, for the selected process and for the pure electroweak
backgrounds.
As can be seen from the distributions, the VBF signal contribution can
be enhanced with respect to the irreducible background thanks to the typical
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Figure 3: The invariant mass of the four fermions in the final state, the ∆ηjj
of the outgoing quarks and Zeppenfeld variable are shown for the VBF signal
(continuous green) and the pure electroweak backgrounds (dashed blue) as
defined by the selections listed in table 1.
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leptons (` = e, µ) belong to the same family
86 GeV < M`` < 96 GeV
Mqoutq′out < 75 GeV or Mqoutq′out > 96 GeV
Incoming and outgoing quarks
should be compatible with emitted Ws
of opposite sign
Table 1: MC-level selections to isolate the VBF contribution from the other
four fermions final state processes at the α4EW leading order.
event topology. Selection cuts based on the ∆η between the two jets, on their
transverse momentum, on their η∗, as well as the request on the invariant
mass of the two leptons and two jets, have been used, as summarized in table
2. With these selection cuts, an efficiency of 45% for the signal, of 4.8% for
selection var min max
|∆ηjj| 1.5 –
min jet pT 30 GeV –
max jet pT 50 GeV –
η∗j 1 3
Mll 86 GeV 96 GeV
Mjj 0 GeV 60 GeV
Mjj 111 GeV –
pT (Z) 30 GeV –
Table 2: Selection cuts to enhance the VBF signal contribution.
the electroweak background and a signal purity of 30% can be reached for
the α4EW order processes. In figure 4 the invariant mass of the two tag jets is
shown for the signal and the pure electroweak backgrounds after the selection
cuts. The effective cross sections of the processes after the selection cuts are
summarized in table 3.
3 The dominant background
Other processes involving the production of a Z boson accompanied by jets
at the α2EW × α
n
s order, with n ≥ 2 (the so called Z+jets events), have
been considered as backgrounds. An example of two, between the many Z
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Figure 4: The invariant mass of the two tag jets for the signal (full green)
and for the electroweak background (dashed blue), after the selections listed
in table 2.
x-section effective x-section efficiency
after selections
VBF signal 0.18 pb 0.082 pb 0.45
EWK bkg 3.85 pb 0.19 pb 0.048
S/B 0.05 0.43 –
Table 3: VBF signal and EWK background cross sections, before and after
the selection cuts listed in table 2 aiming to reduce the electroweak back-
grounds. The signal and background are defined via the MC selections listed
in table 1. The selection efficiencies and the signal to background (S/B)
ratios are listed as well.
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production diagrams, are shown in figure 5. The cross section of this process
is σ = 2679 pb, about 700 times larger than the electroweak one.
Figure 5: Few diagrams contributing to the four fermions final state at the
α2EW × α
2
s leading order.
As a consequence, the selection cuts to suppress the backgrounds with
respect to the VBF signal have been tightened with respect to the ones of
table 2 and selection cuts on the lepton transverse momentum, and on the
opening angle between jets and between leptons in the transverse plane (∆φ)
have been added. These selection cuts are listed in table 4.
In figure 6 the distribution of ∆φ (for leptons and jets), the transverse
momentum of the softest and hardest jet and lepton are shown to justify the
applied selection cuts. In figure 7 the invariant mass of the two leptons is
shown as well.
selection var min max
∆ηjj 1.5 –
soft jet pT 30 GeV –
hard jet pT 60 GeV –
soft lepton pT 15 GeV –
hard lepton pT 30 GeV –
η∗j 1 3
Mll 86 GeV 96 GeV
Mjj 400 GeV –
∆φjj 1.5 3.14
∆φll 0 2.8
pT (Z) 30 GeV –
Table 4: Selection cuts to suppress the Z+jets background.
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Figure 6: The angular distance (∆φ) between leptons and jets in the trans-
verse plane is shown, as well as the transverse momentum of the softest
and hardest jet and lepton for the VBF signal (continuous green), the pure
electroweak backgrounds (short blue dashes), and the Z+jets background
(long red dashes), with arbitrary normalization. The last plot shows the
two leptons invariant mass, for signal and backgrounds, normalized to their
cross-sections.
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Figure 7: The two final state leptons invariant mass, for the VBF signal
(continuous green), the pure electroweak backgrounds (short blue dashes),
and the Z+jets background (long red dashes), normalized to their cross-
sections.
4 Results
The invariant mass of the two tag jets is shown in figure 8 after the final se-
lection cuts. Efficiencies and effective cross sections are summarized in table
5. The selected VBF signal results in a cross section of 0.04 pb, correspond-
ing to 23% efficiency. The Z+jets background amounts to 5.14 pb of cross
section, corresponding to 0.25% of efficiency, and is still two orders of mag-
nitude larger than the signal. The signal over background ratio is 0.008. No
other obvious selections criteria have been found to enhance the signal over
the dominant background at parton level. Therefore, it is not possible to
isolate the signal events from the dominant background coming from single
Z produced in association with jets coming from QCD.
After the hadronization, the Z+jets background could be reduced by vetoing
jet activity in the central part of the detector. To perform a quick test, after
the parton showering and hadronization, jets have been reconstructed with
an iterative cone algorithm. The central jet veto reduces the Z+jets back-
ground by roughly 10%, not producing any significant improvement in the
analysis.
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Figure 8: Tag jets invariant mass distribution for the VBF signal (continuous
green), the EWK background (short blue dashes), and the Z+jets background
(long red dashes), after the selection cuts listed in table 4. As can be seen,
the Z+jets background overwhelms the other samples.
x-section effective x-section efficiency
after selections
VBF signal 0.18 pb 0.04 pb 0.23
EWK bkg 3.85 pb 0.10 pb 0.027
Z+jets bkg 2679 pb 5.14 pb 0.0025
S/B 6.71·10−5 0.008 –
Table 5: VBF signal, EWK and Z+jets background cross sections before
and after the selection cuts listed in table 4. The signal and the electroweak
background are defined by the MC selection cuts listed in table 1. The final
efficiencies and the signal over background (S/B) ratios are listed as well.
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5 Conclusions
One of the most powerful discovery channel for the Higgs Boson in all the
available mass range, is the one where the Higgs is produced via Vector Boson
Fusion. The presence of the forward-backward jets and the absence of jets
activity in the central region are clear identification marks. The possibility to
identify single Z boson produced in VBF has been studied as a “data driven”
method to measure the efficiency to reconstruct and identify the forward-
backward jets and the efficiency of the central jet veto. Unfortunately it
is not possible to isolate the signal events from the dominant background
coming from single Z produced in association with jets coming from QCD.
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